In this study, Schiff base was synthesized from the reaction of 4-carboxybenzaldehyde and 4-amino-3-methyl. Then, the obtained Schiff base was acted with aromatic and aliphatic dihalogen compounds in argon environment, and the polymers containing both ester and ether groups were obtained. For the structural analyses of synthesized substances FT-IR and NMR analysis, for the optical properties fluorescence and UV-Vis measurements, and for the thermal analyses TG-DTA and DSC techniques were used. In addition, electrochemical and electrical conductivity measurements were carried out. Aromatic imine polymers and their derivatives were already synthesized, and the properties such as high thermal resistance, low band gap and semi-conductive properties were also described in literature. In this study, new kinds of polymers synthesized are expected to have a high thermal resistance with elastic aliphatic and conjugated aromatic groups. The effects of the presence of etheric bonds and ester groups in the main chain of the polymers on several physical and thermal properties are also aimed to be explored. ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/). * Corresponding authors. Fax: +90 286 218 05 33.
Introduction
Conjugated aromatic poly(azomethine)s (or polyimines) can also be used in several areas due to their semi-conductive properties. In addition, azomethine Schiff base polymers derived from ortho-hydroxy aromatic aldehydes many times can form stable chelate polymers with transition metals and can be used as ion sensors by utilizing such properties. Since conjugated poly(azomethine)s have fluorescence properties, they can be used in the manufacturing of polymer light-emitting diodes (PLED) [1] .
It is known that conjugated poly(azomethine)s are used in the manufacturing of electro-chromic materials constituting the basis of LCD display technology and in solar cells [2] . Polyester is an important class of the polymer world and makes human life easier by being used in textile, automobile, pharmacology, biomedical devices, surgical equipment, coating industry, structural engineering, electronic device applications etc. in daily life. Poly(azomethine-ester)s in polyester and polyazomethine class have a considerably high thermal resistance, exhibit semi-crystalline behaviors in different mesophases and have a high optical transmittance [3] [4] [5] [6] [7] .
In a study conducted by He et al. [8] , a new polymer containing a bithiazole ring was synthesized and the polyester was characterized by FT-IR spectroscopy, elemental analysis and X-ray diffraction spectroscopy. Thermal decomposition of the polyester in nitrogen atmosphere was discussed with thermogravimetric analyses. Activation energy in decomposition step of the polyester was calculated by using iso-conventional method. At the end of the analyses, it was found that polyester had an amorphous structure, its softening temperature was 503.9 K and average mass loss was 60% [8] . In a study conducted by Iwan et al. [9] , the synthesized polyesters were characterized by FT-IR, 1 H, 13 C NMR spectrometers and elemental analysis, and their ability to form a thin film on quartz substrate with their UV-Vis properties was discussed. Thermo-luminescence properties were examined at various temperatures between 25 and 200°C. Mesomorphic behaviors of polyesters were investigated by using DSC and POM (Polarized optical micrographs) techniques. ITO/PEDOT/PAZ:TiO 2 /Al structures were discussed with BHJ electrical and layered characterization methods. The electrical behaviors at different temperatures were investigated by using Impedance spectroscopy. The local intensities and phases on the surface were explained with AFM images. It was detected that polyazomethines with optoelectronic properties and all other polyesters with semi-conductive properties in their thin films were observed. In consideration of these findings, polyesters were thought to be a good candidate for the design of optoelectronic devices and solar cells [9] .
By considering these properties, in this study, it was aimed to determine the change of thermal, fluorescence and morphologic properties of poly(azomethine-ester)s with dihalogens attached to the main chain which were synthesized by the ester and etheric groups. Structural characterization of the synthesized Schiff base and poly(azomethine-ester) derivatives was carried out by using FT-IR, 1 H NMR, 13 C NMR and SEC techniques. Optical properties of the prepared Schiff bases and polyester derivatives containing azomethine bond were revealed by using UV-Vis spectroscopy. Electrochemical properties of the obtained compounds were explained by using cyclic voltammetry (CV) technique. Thermal stabilities of the synthesized Schiff base and its polyester derivatives were examined by using TG-DTA and DSC devices. Morphologic properties of the synthesized polyesters containing azomethine bond were explained by SEM device.
Materials and method

Materials
While all solvents and chemicals were provided from Merck (Germany) Company, only sodium hypochlorite (30%) was purchased from Paksoy Chemicals Company. They are used in experiments without the need of initial purification.
Solubility of the compounds
Solubility tests of the synthesized polymers were carried out in several solvents by using 1 mg of sample and 1 mL solvent. The polymers were dissolved well in solvents like ethanol, methanol, chloroform, acetone, acetonitrile, tetrahydrofuran (THF), dimethylformamide (DMF) and dimethylsulfoxide (DMSO). It was observed that they did not dissolve in apolar solvents like benzene, heptane, ethyl acetate etc. The presence of an oxygen atom and a flexible aliphatic group along the polymer chain increased the solubility of the polymer [10] .
Monomer synthesis
At first, Schiff base monomer was synthesized by a condensation reaction using aromatic amine and aromatic aldehyde (Scheme 1). In order to carry out the reaction, first of all 2amino-5-methyl phenol (2A5MP) (2 g, 0.013 mol) was weighed and put into a 250 mL three-neck, round bottom reaction flask, and then 30 mL of methanol was added and it was dissolved at room temperature by continuous mixing on a hot plate magnetic stirrer under condenser. Then, an aldehyde compound, 4-carboxybenzaldehyde (4CBA) (1.64 g, 0.013 mol) dissolved in 30 mL of methanol was added into the reaction flask, and was let to form a Schiff base monomer at room temperature. A dark yellow Schiff base, CBAAMP was poured into a petri dish. The solvent was allowed to evaporate by leaving the petri dish open. The precipitated products were crystallized by acetonitrile.
CBAAMP 
Polymer synthesis
Four different types of polymers were synthesized by carrying out an esterification reaction between the synthesized monomer and various aliphatic and aromatic dihalogen compounds and they are shown in Scheme 2. The synthesis of polymer was carried out as follows: 1 g (3.92 · 10 À3 mol) of CBAAMP monomer dissolved in 30 mL of N,N-dimethylformamide (DMF) was put into a 250 mL three-neck, round bottom reaction flask with a magnetic stirrer and the reaction was heated up to 180°C under condenser and argon gas. Then 0.4 g of Na 2 CO 3 was added into the reaction flask, and AOH and ACOOH groups in the monomer were allowed to be converted into salt for 30 min. After this process, the dihalogen compound, p-xylenedibromide (XB) (1.15 g, 4.2 · 10 À3 mol) dissolved in 10 mL of DMF was added into the reaction medium, and the reaction was kept at 180°C under argon gas for 8 h. For other three different dihalogens compounds, 1,12-dibromododecane (BD) (0.52 g, 4.3 · 10 À3 mol), 2-chloroethylether (CEE) (0.64 g, 4.4 · 10 À3 mol) and 1,2-bis(2-chloroethoxy)ethane Scheme 1 Syntheses of the CBAAMP monomer.
(BCEE) (0.82 g, 4.3 · 10 À3 mol), the same apparatus was set up, and they were added into the reaction environment under same conditions and dark brown-black polymers were obtained at the end of the reaction.
The mixtures cooled down after the reaction was precipitated by being poured into beakers containing 250 mL of water. The precipitation on time was ensured by controlling the P H by adding ice or 10% HCl if necessary. The synthesized polymer was separated from the medium by filtering, but the salt was removed by thoroughly washing the filter paper. Among these polymers, the polymer including 1,2-bis(2chloroethoxy)ethane and 2-chloroethylether containing ether group did not precipitate in iced water and acid, they were removed by carrying out extraction with dichloromethane. As a result, more viscous polymers were obtained due to the presence of etheric groups. They were dried in vacuum drying-oven for 24 h. 
Characterization techniques
The solubility tests were done in different solvents by using 1 mg sample and 1 mL solvent at 25°C. The infrared and ultraviolet-visible spectra were measured by PerkinElmer FT-IR Spectrum one and by Analytik jena Specord 210 Plus, respectively. The FT-IR spectra were recorded using universal ATR sampling accessory (4000-550 cm À1 ). 1 H and 13 C NMR spectra Scheme 2 Syntheses of the polymers.
(Bruker AC FT-NMR spectrometer operating at 400 and 100.6 MHz, respectively) were also recorded by using deuterated DMSO-d 6 as a solvent at 25°C. Tetramethylsilane was used as internal standard. Thermal data were obtained by using a PerkinElmer Diamond Thermal Analysis system. TG-DTA measurements were made between 10 and 1000°C (in N 2 , rate 10°C/min). DSC analyses were carried out by using PerkinElmer Pyris Sapphire DSC. DSC measurements were made between 25 and 420°C (in N 2 , rate 10°C/min). The number average molecular weight (M n ), weight average molecular weight (M w ) and polydispersity index (PDI) were determined by Gel Permeation Chromatography-Light Scattering (GPC-LS) device of Malvern Viscotek GPC Dual 270 max. For GPC investigations a medium 300 · 8.00 mm Dual column was used. Additional 1 g/L of lithium bromide in DMF (1 mL/min) was used as solvent. Light Scattering Detector (LS) and a refractive index detector (RID) were used to analyze the products at 55°C. Elemental analyses of compounds were carried out by a CHNS -(Costech ECS 4010) analyzer.
Optical and electrochemical properties
Ultraviolet-visible (UV-Vis) spectra were measured by Analytik jena Specord 210 Plus. The absorption spectra were recorded by using DMSO at 25°C. The optical band gaps (E g ) were calculated from their absorption edges.
Cyclic voltammetry (CV) measurements were carried out with a CHI 660 C Electrochemical Analyzer (CH Instruments, Texas, USA) at a potential scan rate of 20 mV/s. All the experiments were performed in a dry box filled with argon at room temperature. The electrochemical potential of Ag was calibrated with respect to the ferrocene/ferrocenium (Fc/Fc + ) couple. The half-wave potential (E 1/2 ) of (Fc/Fc + ) was measured in acetonitrile solution of 0.1 M tetrabutylammonium hexafluorophosphate (TBAPF 6 ) and was 0.39 V with respect to Ag wire. Voltammetric measurements were carried out in acetonitrile for Schiff bases and acetonitrile/DMSO mixture (v/v:5/1) for polymers.
Electrical properties
Conductivities of the synthesized materials were measured on a Keithley 2400 Electrometer. The pellets were pressed on a hydraulic press developing up to 1687.2 kg/cm 2 . Iodine doping was carried out by exposure of the pellets to iodine vapor at atmospheric pressure and room temperature in desiccators. Measurements were carried out per 24 h [11, 12] .
Fluorescence measurements
A Shimadzu RF-5301PC spectrofluorophotometer was used in fluorescence measurements. Emission and excitation spectra of the synthesized compounds were obtained in solution forms in DMF for monomers and polymers. Measurements were made in a wide concentration range between 3.125 and 100 mg/L to determine the optimal fluorescence concentrations. Slit width in all measurements was 5 nm.
Results and discussion
Spectral analyses of the synthesized compounds
Structures of the synthesized monomer and polymers were explained with FT-IR, UV-Vis, 1 H NMR and 13 C NMR analyses. Spectrums were taken by using Fourier Transform Infrared (FT-IR) Spectrometer (Perkin Elmer FT-IR Spectrum one, with ATR sampling accessory). In spectrum Azomethine polymers containing ether and ester groups of the monomer, the expected peak of acid and aldehyde carbonyl belonging to 4-carboxybenzaldehyde (4CBA) involved the peak of aldehyde at 1679 cm À1 and was broader than expected and caused the carbonyl peak of aldehyde to disappear. In addition to this, ACH tension belonging to aldehyde at 2951 and 2828 cm À1 for 4CBA was observed. The double peaks of amine at 3371 and 3283 cm À1 are observed for 2-amino-5-methyl phenol (2A5MP). In spectrum Fig. 1 , for Schiff base monomer (CBAAMP) AOH peak at 2A5MP was observed at 3676 cm À1 and AOH (hydroxyl) and C‚O (carbonyl) peaks of acid in 4CBA were observed at 2971-2899 cm À1 and 1674 cm À1 , respectively. The transition of NH 2 groups into imine (AHC‚N) group by undergoing condensation was observed at 1627 cm À1 . In spectrum given in Fig. 1 , polymer (P-CBAAMPBD) which was formed as a result of reaction between 1,12dibromododecane dihalogens (BD) and CBAAMP monomer was shown. Accordingly, peaks of the groups of CAOAC(oxyphenylene) at 1107 cm À1 and CAOH (phenylene) at 1270 cm À1 proved that the AOH peak of the monomer at 3676 cm À1 disappeared as a result of polymer formation. Ester carbonyl formed as a result of esterification reaction of the ACOOH group was seen at 1715 cm À1 . While the aliphatic ACH stretching peaks of 1,12-dibromododecane were sharply seen at 2915 and 2851 cm À1 , the same peaks were observed at 2918 and 2850 cm À1 for the polymer. It was observed that the imine bond in CBAAMP monomer at 1627 cm À1 shifted to 1603 cm À1 in P-CBAAMPBD polymer. The functional group peak values of other polymers are given in Table 1 . 1 H NMR and 13 C NMR spectrums of monomers and polymers were taken at DMSO-d 6. The structures, the marking of protons and the chemical shifts of 1 H NMR and 13 C NMR of monomer, CBAAMP and its polymer, P-CBAAMPBD are given in Figs. 2 and 3. 1 H NMR spectrum of CBAAMP monomer gives sharp proton signals as expected, but the acidic proton was not observed since the volatile hydrogen of carboxylic acid and deuteron DMSO hydrogen were interchanged. The hydroxyl, azomethine and aromatic proton signals were observed in 10.07, 8.78 and 8.12-6.82 ppm range, respectively. In 1 H NMR spectrum of polymers, an increase in the number of the peaks and an enlargement of the peaks were observed. This enlargement is caused by the presence of repeated monomer units with different chemical environments. The disappearance of both hydroxyl peaks of carboxylic and phenol groups in the polymer indicates that polymerization went through the esterification reaction and the etheric bridge. According to the 13 C NMR spectrum of the monomer and polymer, it was observed that the peak seen at 167 ppm shifted to 190 ppm. Oxyphenylene (CAOAC) carbon signals formed due to the attachment were observed at 73.34, 76.71 and 65.80. Nine different carbon signals of CH 2 groups which were involved in the structure were observed between 34.88 and 21.87.
The average molar weights of synthesized are given in Table 2 . The molar masses values of polymers are changed between 45.130 and 132.200 g mol À1 . According to the average molecular weight, the number of repeating units in P-CBAAMPXB, P-CBAAMPBD, P-CBAAMPBCEE and P-CBAAMPCEE are 254, 315, 165 and 113, respectively. While the molar mass increases, the observation of amorphous structure due to deformations in the regular structure of polymer is higher [13] .
When UV spectrum given in Fig. 4 is examined, the absorption peaks of pfip * electronic transitions of the aromatic ring at 253 nm for the monomer can be seen. In polymer, it is observed that this peak shifted to the left due to halogen ions attached to the main structure and etheric bridge. For Figure 4 Absorption spectra of the synthesized compounds. P-CBAAMPXB, P-CBAAMPBD, P-CBAAMPCEE and P-CBAAMPBCEE, pfip * is 248, 242, 242 and 241 nm respectively. While the peak at 370 nm observed in the monomer indicates nfip * transition of the azomethine group, this transition is observed for P-CBAAMPXB, P-CBAAMPBD, P-CBAAMPCEE and P-CBAAMPBCEE nfip * 310, 314, 318 and 317 nm, respectively. The effect of functional groups incorporation into the polymer backbone, on the optical properties was tested. The introduction of different dihalogen groups as in polyester in comparison with monomer resulted in a hypsochromic shift of the k max band from 420 to 370 nm. The observed changes in the optical absorption spectra when the backbone structure is varied can be attributed to the modification of the polymer chain planarity [9] For monomer and polymer, k onset values regarding CBAAMP, P-CBAAMPXB, P-CBAAMPBD, P-CBAAMPCEE and P-CBAAMPBCEE were calculated as 420, 390, 370, 380 and 370 nm, respectively. E g values were calculated from 1242/k onset and given in Table 3 . The conjugation is disrupted due to the presence of high sterically hindered structures and E g values of the polymers are observed greater than those of Schiff bases. Electrochemical properties of some synthesized Schiff base monomers and the polymers were examined by using cyclic voltammetry (CV) technique and the oxidation-reduction peak potentials belonging to potential-current voltammograms of monomers and their polymers are given in Fig. 5 as coincident. While only one oxidation peak is observed in the positive region for both monomer and polymer in the spectrum, three peaks are observed in the negative region regarding the reduction of imine (AHC‚N) nitrogen by being protonated. CVs of all monomers and polymers were taken by using glassy carbon electrode (GCE). The solution of TBAPF 6 in acetonitrile was used as the solvent. Electrochemical data of all compounds are given in Table 3 . The lower band gaps facilitate the electronic transitions between HOMO and LUMO energy levels and make the polymers more electro-conductive than the monomers.
Fluorescence absorption spectrums of the synthesized compounds were taken at room temperature by using DMSO as the solvent. In all analyses, the emission and excitation slit range was set to 5 nm. The wavelengths of emission and excitation peaks for spectrums of the synthesized Schiff base and the polymers by using condensation method are given in Fig. 6 . The conjugated substances emit light with different intensities by exhibiting fluorescence characteristics at different wavelengths. If the light emitted by a substance falls in the visible region of electromagnetic spectrum, the substance is found to have a visible colored emission. The color changes according to the wavelength of the light in electromagnetic spectrum are shown in Fig. 6 . In the spectrum given in Fig. 6 , the intensity and color of the light were observed to be better at 350 and Figure 5 Cyclic voltammograms of the synthesized compounds. 370 nm when the emission and intensity of the light was examined up to 530 nm by increasing 20 nm of intervals starting from the excitation at 350 nm. It was observed that as wavelength increased, the intensity of the light weakened and color was not seen. The maximum emission wavelength and the maximum emission intensity for each polymer are given in Table 4 . The emission color can be stated regarding the substance due to the wavelength of the peak obtained in fluorescence spectrum.
Electrical conductivities
For polymers, the graph plotted versus time regarding to the solid state conductivity values measured at air atmosphere. The measurements for the polymers were carried out in pure form, and then polymers were exposed to iodine vapor in a desiccator, and the change in their conductivities versus time was measured at specific time intervals by doping. In doping process, electron emitting amine nitrogen and electron pulling iodine coordinate, and the formation of radical cation (polaron) structure in polymer chain (on amine nitrogen) are enabled. The electron vacancy formed due to this polaron facilitates the electron flow, and this causes electrical conductivity to increase. High electron intensity allows the polymer to coordinate with iodine more, and consequently an increase at a higher level for the electron flow is obtained. After 120 h doping, the conductivity of P-CBAAMPXB is observed around 10 À7 S cm À1 and it is better than that of P-CBAAMPBD. For poly(azomethine)s, the conductivities of the undoped polymers were 10 À11 S/cm, while those of the doped with iodine ones Figure 6 Emission spectra of solutions in THF Slit width: k Ex 5 nm, k Em 5 nm; concentration of the compounds: 0.01 mg/mL. were 10 À9 S/cm. The low conductivity values were attributed to the low degree of conjugation in the polymers caused by nonplanarity of the polymer chains [14] [15] [16] . At low temperatures, the conductivity of the poly(azomethine)s doped with I 2 was slightly higher than that of the undoped one. The conductivity of the doped polymer showed an abrupt increase in conductivity from 10 À11 to 10 À7 S/cm [16] . The conductivity of polyesters containing azomethine linkages was in the range 10 À9 to 10 À14 S/cm [17] . Poly(azomethine)s showed semiconductor behavior and the conductivity rapidly increases from 10 À11 to 10 À7 S/cm. It is curious that a similar behavior was found for the polyazomethine doped with I 2 and H 2 SO 4 at higher temperature than 80°C [15] .
Thermal analysis of compounds
TG measurements of polymers synthesized in 4 different structures by carrying out esterification reaction between 2-amino-5-methyl phenol and 4-hidroxybenzaldehyde Schiff base and various aliphatic and aromatic dihalogen compounds were determined in N 2 atmosphere at 1000°C. TG and DSC thermograms taken to determine T 20 , T 50 and T on temperatures and the number of decomposition steps, exothermic and endothermic peaks, glass transition temperatures (T g ) and specific heat change (DC p ) of monomers and the values measured from thermograms are shown in Table 5 . According to Table 5 , the initial decomposition temperatures of P-CBAAMPBD, P-CBAAMPCEE and P-CBAAMPBCEE are higher than those of the monomer. This is because of the formation of the CAO etheric bond during the OP reaction (CAOAC coupling). This weak bond is easily broken at moderate temperatures and makes the polymer thermally unstable [18] . It suggests that, both the polymers have good thermal stability as the starting weight loss for the polymers is situated within the 239-354°C range [19] . The weight loss curve gives the degradation process in nitrogen and it presents two stages, one main weight loss ester link-age and in the second stage a AN‚CHA group. When compared with a similar structure and high temperature it can be confirmed that the AN‚CHA group is breaking at the second stage weight loss [20, 21] . The presence of the aliphatic group in the structure increases the thermal stability. When initial decomposition temperatures (T on ) and glass transition temperatures (T g ) of the synthesized polymers are compared according to polymer types, the calculated glass transition temperatures are found to be below the initial decomposition temperature as expected.
The glass transition temperatures of the polymers lie between 139 and 165°C, as observed in DSC analysis. The high glass transition temperatures are attributed to the presence of the rigid structure along the main chain. Also the presence of intermolecular hydrogen bonding indicates a more amorphous structure [13] . In general, only the polyesters having a linear chain shape were semicrystalline and thermotropically liquid crystalline. For the polymer conformational adjustment arising from the flexible oxygen bridges C 2V symmetry of such a highly angled molecular arrangement certainly helps in the formation of a mesophase [22] .
Morphological characterization
SEM images of surface morphologies for the synthesized Schiff base polymers are given in Fig. 7 . In the image of P-CBAAMPXB at 100 lm and 10 lm, it was observed that it consists of particles which are similar to convolutions of brain cells and sizes of these particles were close to each other; as regards P-CBAAMPBD, it was observed that it contains flatter surfaces formed as a result of combination of particles and non-routine cracks and gaps. Since the structures of P-CBAAMPBCEE and P-CBAAMPCEE are similar, SEM image was taken and showed a similar structure like a flower. It was seen that it consists of smooth structures in layers when approached to the surface.
Conclusions
In this study, while P-CBAAMPXB and P-CBAAMPBD polymers were obtained in dark brown colored powder form, P-CBAAMPBCEE and P-CBAAMPCEE polymers with different carbon numbers and ether bridges were black color in viscous form. Conductivity measurement could not be carried out since these viscous polymers could not be pelletized but its solubility was found to be better due to etheric groups and yield of the polymers were lower than that of the others. Synthesized polymers showed good solubility because of the existence of ether linkages. Fine solubility of the synthesized polymer maximizes its practical applications. According to optical property of the synthesized polymers, optical band gap (E g ) and electro optical band gap (E 0 g ) values vary depending on the increase of conjugation and the electrical conductivity measurement by doping with iodine gave good results. The semi-conductive polymer was used in electronic, optoelectronic and photovoltaic applications. Abilities of the polymers to be used in gas sensing materials were discussed. When thermal analysis results of polymers were compared, maximum initial decomposition temperature was observed in 354°C for P-CBAAMPBD due to the presence of aliphatic group. Consequently, because of the high thermal stabilities the synthesized compounds can be promising candidates for aerospace applications, and they can be used to produce temperature-stable materials.
